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– Processability, Light weight, 
Simple connections (fiber) 
– Light-emitting Polymer 
Nanocomposites  (LEPNs)
• Polymethyl methacrylate 
(PMMA)
• Ligand capped 






























Inorganic Optically Active Ion
--Rare-earth ion - Terbium--




--Lanthanum Trifluoride – LaF3--
• Low phonon - vibrational 
energy (300 – 400 cm-1)
• Exhibits a high solubility 
for RE ions dopants of 
the same valence within 
the crystal
• Offers channels for 
energy transfer from near 





--Acetylsalicylic Acid – ASA--





ASA – Organic Ligand 
Lanthanum Trifluoride (LaF3) – Inorganic Host



















--Water - Synthesis Solvent--
Heated nanoparticle 
suspension under 






Excitation wavelength = λex
Large agglomerates = 
Nanoparticles to 
small agglomerates = 
Nanocomposite




Emission wavelength = λem
Large agglomerates = 
Nanoparticles to 
small agglomerates = 
Excitation wavelength = λex
Nanocomposite
Nanoparticle Synthesis
The Electrical Double Layer
--Debye Length--
where
I = ionic strength of the electrolyte (mol/m3)
εr = dielectric constant of solvent
T = absolute temperature (Kelvin)
Constants:
ε0 = permittivity of free space (8.85 × 10−12 C2/Jm)
kB = Boltzmann constant (1.38 × 10−23 J/K)
NA = Avogadro number (6.02 × 1023 mol-1)





Thickness of diffuse layer – Debye screening thickness  or length =  1
Synthesis Route 2
--MeOH - Synthesis Solvent--










Emission spectra (λex = 350 nm) Emission spectra (λex = 276 nm)
Above:  PMMA:ASA:Tb3+:LaF3 nanocomposites synthesized in water (blue dotted line) and in methanol (green solid
line)  Below: PMMA and PMMA:ASA:Tb3+:LaF3 nanocomposites  under UV light (365 nm)
Characterization






Experimental Loading Inflection Point Tg, °C
Water MeOH Water MeOH
ASA 2:1 9% 16% 120 119
3:1 9% 8% 121 120
4:1 10% 13% 121 119















Water, H – O – H
Synthetic Route 1
• Relative dielectric constant1
– 80 at 25°C
• Procedure temperature
– 70°C  (Relative dielectric 
constant ~ 64)
Methanol, CH3 – OH
Synthetic Route 2
• Relative dielectric constant1
– 33 at 25°C
• Procedure temperature























Water - nanoparticle dispersing liquid




TEM Image of 
Agglomerates
Via SR 1 in PMMA
100 nm
a. STEM Image of Agglomerates via SR 1 b. STEM Image of Agglomerates via SR 2
20 nm
TEM Image of 
Agglomerates
Via SR 2 in PMMA
500 nm




--Synthetic Route 1 & 2:  Agglomerate Size--
20 nm
TEM images representing 
Nanoparticles (NP) in 
solution (MeOH) and in 
polymer nanocomposite
Nanoparticles in solution Nanoparticles in PMMA 
Experimental Results







Diameter Size via 
Intensity Percentage (nm)
Water MeOH
ASA 2:1 388 ± 188 37 ± 2
3:1 302 ± 198 41 ± 6
4:1 303 ± 74 34 ± 4










synthesized at pH 3
Nanoparticles 




Nanoparticle suspensions in methanol synthesized at pH 3-8 under (a) 








• Characteristic emission peaks of Tb3+ produced by direct 
ion and ligand excitation were observed from all PMMA 
NCs
• All nanoparticle synthesis produced agglomerates
• ASA:Tb3+:LaF3 in MeOH - 3 pH - 25°C produce the 
smallest
• < 50 nm in suspension 
• < 300 nm within PMMA 
• ASA:Tb3+:LaF3 agglomeration is influenced by pH, 
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